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Screening for Metals by
X-Ray Fluorescence Spectrometry

Using a Single Calibration Standard

ALAN D. HEWITTr

INTRODUCTION more complex mixtures of metals in environmen-I tal samples by generating the same unique metal
Bouth natural and anthropogenic levels of met- spectra as the more expensive laboratory-based

Ills in soil are oif human health concern. X-ray systems. The major difference between field and
fluorescence, kXRF) spectrometry is a nondlestruc- laboratory instruments is that the former have a
live method of total metal analysis that requires sealed radioisotope as the primnary radiation source.

very little sample preparation. For this reason XRF These sources are smaller and less energetic, so the
isan ef ficient and cost-effeciive means of identi fyv. portable instruments are not as sensitive as most

ing and quantifying pollutant metals in solid ma- laboratory-based systems. The selection and num-
IIteriaks during -enied'al investigations and feasi- ber of sources that can be installed in a field-

hility studies (RI/US) for hazardous waste site portable XRF instrument control the range of ele-
investfigations. Moreover, on-site screening for ments that can be detected. This combination of
pollutant metals- with XRI: has reieived the api- sealed primary sources, along with a detector re-
proval of the U.S. Environnmental Protection quiring it li~tr or less oif liquid nitrogen, niicropro-
Agencv (EPA Q987)_ 11w data quality specification cessors and rechargeable battery packs, has al-
oftenl recommen1V~ded for field screening by XRF lowed f or the, .oi st ruction of rugged, com pact and
anadlysis v, a precision of ±1(1"!.., an accuracy of lightweight instruments capable of several hours
6oY~ and detection limits ol less than HXX) parts of remote operation (manufactured by lINU Sys-
jp'r million (Raab et aln. 1987). Thle main objective tenis Inc., Sped race Instruments Inc. and

durng iel sceenng xer issistoquickly locate ()ulokumpu Electronics).
an1d delineate the areas of headviest Con1tanunantiOn. Today the mianufacturers of these field-por-
Se~veral ý.tudivs have demonstrated XIW's ability table, high-resolution XRF systems are focusing
to satisfN these criteria by using eithevr laboratory- their attention oin the user friendliness and the
based (1-iust et al. 1985, CGrupp ut al. 1989, WatsI-on robustness of appiications for environmental
et al. 1989, 1 iarding 19A) 1) or field-portable inslru- sample analysis. Application:, that art, insensitiv'
mevnts (l'iorek anid Rhodes 11988, Ash et al. 1991, to samiple matrices are necessary in order to liwia
C'arlson and Alexander 1991, D~riscoll et al. 1991, the number of calibration stand'ards requir.-. to
Garby 1991). handle the diverse range of samples thal %An be

In "lie past mnost of the field-portatde XRI: site vncountered during a hazardous waste intoinves-
screening was performed with systems equipped ligation (e.g. soil composition, sludge, dust, paint

1rwith gas proportional detectors. 1I his type of de- chips, etc.).
in tector has a spectral resolution of ibout IWOX Two of the field-portable XRF instrum~ents cui-

electronvolts (eV), restrict ing its su ita bility to cases rently being marketed are -..pable of analyses
where a single mietal was being determined or based onl empirical calibrafhOl nCoe~fficien~ts, Which

where the m#.tils oif interest have well1-resolved X- requires the entry of seve .t site-specific or generic
ray fluorescence peaks. Recently a new generation matrix standards (0 INU Systems Inc. and

I)of f ield-portable XRF systems, have becomec avail- Outokumpu Electr -mvas). The HNU in.-itrumient
able (Ashe et al. 199J1, 1)riscollet al. 1991).IThey are also has a C'ompton peak normalization analysis
e~quipped with silicon i(drifted twithlithiiium)IL~i(L~i)I method. Thle other manufacturer (Spectrace In-
or mercuric iodidL (H9112) detectors with resolu- strunwnts, Inc.) offers ei'rly a fundamental parain-
tions of 170 and %(X) eV, respectively. Thiese field- etcrs analysis method for environmental samples.
transportable, high-resolution system.- can pro- The major advantage of using fundamental pa-
vide unambiguous qualitative identification of rameters for quantitative metal evaluations is that



the sample analysis is not delayed by having to tive of field screening, only the intensity of the
iieither establish site-specific standards or enter former peak is necessary.

multiple calibration points foreach sample matrix In this study I evaluated the utility of environ-
or both. mental sample analysis based on a single certified

Until robust (matrix-insensitive) fundamental standard and normalization for the incoherent
parameter applications are universal, Spittler* has bakcteig.This preliminary effort covered
proposed that the accuracy necessary for a pre- the quantification of copper (Cu), Zn, As and P'b in
limninary site investigation, for many of the more a wide variety oif solid particle matrices.
frequently encountered metal pollutants such as
lead (Pb), arsenic (As) and zinc (Zn), could be
achieved by a single-point instrumental calibra- XRF ANALYSISii lion method that includ~es a matrix normalization
parameter. This method requires only a single I1he detection of metals by XRF-analy~sis is the

certified reference material containing the analytes result of the en liSissOn of e0lement-spej)cific ene igiesI ~of interest in a matrix that is physically consist'-t (photons) that occurs when anl electronl from an
with the samples (particles), plus normalization of outer orbital loses enlergy in adcilr to fill a Void ill
the incoherent radiation back-scattering. lnco'her- an1 inner shell. 11'iis emnitted energy is callvd X-ray

r ent radiation bac kscatter is caused by the light fluorescence and is measured in kihoelectronvolt's
elements and thle analyte concentration in the (kV; I keV - IOWX e-V). The electron vacai icy inl the
sample miatrix. Traditionally thle ratio of thle inco- inner shell (the nonivdenlce shl~vl) is creatik d by

heet(Compton) and cohecrent (Rayleigh) back- exposure to a beami of ganmlih or X-aytnergy that
sctter has been used for matrix correction with is close to and above its ext itation en'ergy (Fig. ]).

envronenal amles(Nilsnan Snde:.1983, F1w probability for an electrini to beco~nwexcite'd
C hristvinsen and lDrabaek 1980,. Ralcheti and aInd vjected froml J shell increases withi a decreas-
Wegs~heider 1980). 1 lowever. to fulfill the objut - ing difference be-tween incident and excitation

onergy levels. lFor examiple, the inicident envirgies

i'Pr~~~gidI Kognu1c:i~,I M ,etiffivr, , A I nvr (tWO ie'VVls) comling frOil thi m-nai ad i r

Wlill I.;r it e )% I% )iv Regloll I, I vi I ugt 'n NJIh 111%. 1%, 100 (It"( d ) X - ay. M flArccare 2 1. 1(1an 22. 91) keyV
~ which are miore, likely to cause1 eIlet-C 01. to 11V lOst

Primary Sourco - e
(X-ray or gamma~ Fluoiioscent

3 X-ray

Li 44

* ~leictton
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1itu..'ru 1. Irocr-' of X\ til a hO~ v thi I it- t iupibel' m4'h: ýiifi ' thei
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IIN 2 filled. These two letters, along withl X, ji and y
___________________ ___________ - Ni subscripts denoting thle outer shells from %\ hich

theelect roiis full (i.2,srea h onnltr

M 5 for the diSCrete SpeC1dI rlIenergies uwa0SUred. More-K __________Over, since there is mlore thanl one aitomlic enlerg)
________ _______M4__ M3 lVelI (Shell) from11 which 11n CeleCtion CanI fall, thereV

____M 2  Iare' ~lwys atl lealSt two em1ilssionl energýieS for' eclhKL, 'L ItL L p 1 eklvilnt (Fig. 2). For this realson the 'spectral enler-

Li ~~gieS ut greateLst intereVSt for thle analysiS Of pollu1111tan1metals are thet K,,, Kp or the( E ., 1.1 spectral lines
L2 (Fable 1).

L,-series L 2 rins L IPRoAb,1ility alo1o1 is 10 POMI ilat )y f'Ot fihe lucC
K1ý tron1S fillingý thet void cIVIate'd. Th I i setral- inlteti-

KII K shell is filled and 9):0 for thet 1, shells. It is iviu1ch
easier to obse-rve these emlission peak ratios, w ith a

''-K Iiighl-I'soltitiot 1 XRF spectrometer(I, thulS aidinig InlJthet idenltifl(cation Of I Sample's0" eIVlemental C011np1
I ';l.K5, I~ 5 anld I jN Iap~itioll. Furtlivinloie. sinlce a high-resoluitionl XRE

catIi resolve all these, (tand 11 peaks, it allomws for tilt,

Nis whenl thlt enlergies, of two eluilssimolivpaks h ('111

f o te Ait1 l scleniuim (Se). w%,ilh anl ext ita Efitterent elivieiits, overlip11.

twiol i elIgv level of 2.~ keV, thati fromi 0.r, w%'ill ligiiie 3 Isanl CXamp1Cle tilt-SIies .jirllill obtainedV
a i-tiCiiSputiidiiig V~t ILatiit'l VnitgY CVAI 0Isi'~ w ithi high -reso)llution porltable XRl: I-v~steni. I hIls

k(A". '11analysis asperlforined onl anl aiuvous ,olutionl

0I. tiit- l. deKtal %s R iav.s ~' oilitaiiiiig li1M mng/ 1. each of k I- , litikk-l (Ni). ('t

I. dci Intok01 1.l1Iilalt' t0 n oin 0ýt tuI truLluIIIltlv /it. A\s,mIl k1C. I he iitti.iu It Ita I% 11,1.kIrac "let t

t151 itin 'vati-A '. 104.ltt evlemental vvs itatioli v'iltlglius
"Fable~ I. Pria ry sources and a11.1 yvi Iflines for 11 V L cl it s t oCtl'kIA itI' tile litenC~t ei iergNv gi 'li
mfi'Jl uhf enivironmenutatl conlcern tlial, ka be1 de- It ,tted hvy lthc 11( ' d itoact cc - smi rtv. lin addi
te~cted by MU: spcrnwi.tt. i, . ici,~ ai lwo , n I

I P itr -Inm )I /m. tV.h thit l 7 .4 iietsit Im / tis t, t% 1 A-. andiu 'N-.

I NSTRUME lFNATION
11iCl Vra matt

MniMt 'IQ() (( )uutokumptip Pli'urtsnis) X rav speit ill,
1s 4I 

1 shis1totsiiiete I lits kVI 1 t5 ihuilil~ el wi th .tvl Si~l 0i

;htaiIitl ll 1ll'd a .nd anmeti it 2.11eteg. ~~~IIiuelt stitticu pr~tvinw114

/55 1 II I 'Ii I lit-ti~ coutibitnatioulAfi v tw
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Vi'.,ure 3, Spectrumn 9 a snlutioi containing,~ 1000) m'n'L cf Cr, Ni, Cu, Zn, As and Sr.

selection of which allows thvtsystem to either be sample medium is hiomocgeneous, then this con-
capable of eight hours of batte ry-pack-powered, centration estimate corresponds to thlt entire
in-.SituL aia lysis or continluous, AC--powered, on- sample rvtainied ýinthiecup-. Direct mieasurcienwntof
site aayi.the intensities of thlt various discrete spectral ener-

Figure 3 is an examplte ofa 256-cliannel spIectral gies for q.uanltitative' interpretation, however, is

outpu.. All eiiofn!. peajor thmi Asion pd k! o phease fe ofuddb teeeet rsn it

Seleteanalss arf bullk r pesol held aloing eithr rapiod tandirdp cn e woadesfrpton andellharacerinited
40 mmeni dcviamter ups. Fie campleis ongtsdpfo- sitesp lis fectfic mateials r yre natriixg ceindiaerit,
pon- itenalyi altedoften wLI ane-ouio tmud and- sieved prootfs te non quantities of analyteemorrboth. Thi
analysis. wouvrld sotude haavleo reouvndgh tthle Ni iiitor or i udntzt. aae calibrationreiestesuo vra
tCu op dverat sions c iants' 'rornw tint ls'esks tha a tandads b ceii h naye.teta o
coule of inFiures3 (Table 1)t posbet nl es rnEmopintrclst. For exnampe Tbe 2vid f shovertat

sto a hnalris(d bumlks iample, lvdayl (Crllk. t1I. 18 standards, cLan- be- m-.ad from WC1-harach-iyss f
F ~4 mi I di. airy 1991). F11w buk f hepar~oet ide in the usplctining faeiemtals ovbyteratn cleange of 0 to

oamle si an'lysisedote durieg this tuy oud pasrso J %lt),KX kng l~own qand Rheodaayes 188. both -Il
throughis a ?vvraes stuievehs hiavi ond that tihese trmitof candivriiation ofuie thes ustan(idfrd coeld

two~oeratons an k perlrim' IllICSweekl or mo11d re, hiacktr ticltarlywen contamintatiod
COUIIC if lour, matogit psibv tonal tlls rate-secf in terial. Forexinvolved, T bleauseow they

198, Laily 141)'Ilv blkt)4 th patiCL-ill t mu'stoi e ontingfirvmedtyalsernatver methods of 0tota

CALIBRATION ms
ana11lysis. Furthermore, if site-typical soil standards

Ideally a1 cadli'i.. d X RE Systelit vstablislites. the aelsdateto ~ulitbe paid to the sand,c(lay,
totail metal concentration ini thet portionl 'If tIilt acun io otn (~oe n Roe 8)

sample that is tiradiated dfuring analysis. If tilt, ihims, several sets of calilbratlllo standards, one, for
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Table 2. Set of calibration standards for the analysis of metals in soil.

Corcentration (wIg/g)

No. Cr Cu Z-1 As Pb

1 0 o 0 0 4960
2 0 0 0 4957 0
3 0 0 4611 0 0
4 0 4907 0 0 0
5 3304 0 0 0 0
6 6251 6091 3517 2811 937
7 322 241 998 9656 3862
8 1965 1964 922 491 122
9 81 488 458 977 2929

10 2423 9080 8520 6356 1816
11 1265 949 6230 3794 6640

d" 12 4530 3881 228 243 485
14 13 161 2898 1813 120 9660

14 0 0 0 0 0
15 (1 2916 456) C 0
16 0 4857 2734 (0 0
17 0 0 0 4934 2960
18 (0 0 0 2961 4935

each specific soil type, may be necessary for a reference soil from the National Institute of Sci-
single site. ence and Technology (NIST), was used to establish

Fundamental parameter analysi,, is based on the analyte response factors. The peak counts (in-
physical constants (i.e. mass absorption coeffi- tensities) used to establish the response factors for
cients, jump ratios and fluorescence yields), which Cu, Zn, As and Pb are shown in Table 3. Even with
eliminates the need for several calibration stan., a high-resolution XRF instrument, the As K, and
dards (Figura 1987, 1993). However, as with em- Pb Lx lines (10.532 and 10.549 keV, respectively)
pirical calibration methods, the best accuracy ;s overlap, so the As K13 and Pb Lp peaks were used.
obtained when the reference standard has a par- To perform this method of analysis with the 920
tide size and inatrix density similar to the samples X-Met system, the energy spectrum from each
being analyzed. This requirement may also im- analysis was saved and transformed into a 256-
pede investigations, since very few commercial channel spectrum for close examination. This also
reference materials are now available. Moreover,I• the multiple-variable approach of analysis used
by both fundamental and empirical calibration
Methods rely on commercial software develop- Table 3. Response factor dcterminations for Cu,
nient and microprocessing, which leaves the ana- Zn, As and Pb based on the SRM 2710 certified

lyst with a black-box approach to environmental

J, sample analysis. Cu Zn As P'b
The analysis method used in this study for Cu,

Zn, As and Pb relies completely on the measure- Ro,,ponst factor (intensity/concentration)
mernt of the intensity of the K(x, KII, L(x or L11 spectral Day 1 12.0 33.9 1.09 39.5
line for a specific element, along with the Compton Day 2 11.9 34.8 0.40 38.0

K, backscatter peak (Fig. 3). T7his method of analy- Day 3 121 34.4 1.04 39.6

SIS allows for the determination of metal concen- Avtrage 12.1 "4.4 1.01 39.0
trations in environinental samples of similar physi- Sid. dev. (.21 0.45 0(N08 0.90

cal state (particles <600 () u) to be performed once % RSI) 1.7 1.3 9.7 2.3

elenient-specific resonse factors have been estab-
lished usinga certit,-.d reference material. For this SRM 2710 co626ntation (3g/g)

study a finely ground soil, SRM 2710 certified 2_2_

P 5
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could have been done by measuring the intensities Table 4. Method detection limits (MDLs) estab-
from the original 2048-channel spectrum. The lishedfor metalsinsoilandprecisionofanalysis

former approach was used because it is easier to for samples with concentrations near 1000 pg/g.
measure the intensity (counts) of smoothed peaks,
and once transformed, six spectra could be dis- a. Method detection levels (jg/gI
played simultaneously. Intensities of both the Empirical valibratum Peak
baseline and the peaks of interest were then mea- intensity
sured by selecting the appropriate spectrum chan- Metal 1O000-O 1000-0 (Counts)
nels. This was accomplished by placing a cursor on
the selected channel (keV) and recording the counts Cr 1770 20A) 270

(intensity) off of the display. Concentration esti- Cu 96 59 8
Zn 84 10(0 9(1

mates were manually determined by multiplying As 48 42 4190

the baseline-corrected analyte signal intensity by Pb+ 57 28 48

the normalization factor, then by the response
factor. The normalization factor is the product of b. l'recision and accuracy of empirical calibration analysis

the Comptoi, K, peak intensity for the certified Metal Accolpted Fould %yRSIl)
reference material divided by that of the samples.

Cr 12o5 1270±53"* 4.2
Cu 949 872±31 3.6

METHOD EVALUATION Zn 922 899.+27 3.0
As 491 500±: 16 3.2
Pb, 937 9241l8 1.9

Detection limit
The sensitivity of this instrument for the deter- 'As-KII.

mination of Cr, Cu, Zn, As and Pb in soil was t Pb-Llt.
evaluated for an empirical coefficient calibration Average and standard deviation of sven analyses.

and for the manual interpretation of peak intensi-
ties. Both procedures used the method detection
limit (MDL) (Federal Register 1984), and analyses tified concentrations for the total amount of metal
were performed using the set of generic soil stant- present, whereas the RTC materials report certi-
dards shown in -able 2. The MDL establishes fied values based on the USEPA SW846, 3000-
detection limits based on the standard deviation of series metal acid extraction procedures (U.S. EPA
replicate measurements multiplied by the appro- 1986). All of these materials were air dried and
priate t value (one-sided) for n-1 degrees of free- have an average particle size of <600 pm. Analysis
dom at the 99% confidence level. Table 4 shows the was performed after placing 4- to 5-g q ciantities in
results for the seven analyses of an individual a 31-mm-diameter analysis cup with a 0.2-mil
sample after calibrating the instrunment overa high polypropylene X-ray film window.
(10000- to 0-[tg/g) and low (1000- to 0-pg/g) con- In addition to the certified reference materials,
centration range. The soil standards chosen for six different soils were spiked with Cr, Cu, Zn, As
repeated analysis had reported analyle concentra-
tions of approximately 1000 ktg/g for the high
calibration range and between 100 and 300 ptg/g Table 5. Certified reference materials used in the

for the low range. Between each analysis the sample test.
was removed from the detector and shaken. Allanlsswere performed for a 120-second inea- Na tionaml Institute of Standa rds and l'echnology
analyses SRM1579a--Powdered Lead Based Paint
surement period. SRM2704--Buffalo River Sediment

SRM27(09-San Joaquin Soil
Analysis of reference and treated material SRM2710-Montana Soil

Several materials with either fortified or certi- SRM2711-Montana Soil

fied metal concentrations were used to assess the Resource Technology Corporation
performance of the response factor/Compton K(, CRM012--hvinerated Sludge
peak normalization analysis method. Table 5 lists CRM013--Paint Chips
the certified reference materials purchased from CRM014-lBaghouse Dust

either NJST or the Resource Technology Corpora- CRM020--S)il (from USEI'A Soperfund site)

tion (RTC). Those purchased from NIST have cer- CRM021--Soil (from contamrinated waste site)

6



Table 6. Characteristics of the laboratory-treated soils.

Grain size*~ Wej\hlt
Matrix % s;and % silt and clay (mml) (q)

Ottawa sand 100 0.4 4
Rocky Mountain Arsenal soil NA NA NAI
Lebanon Landfill soil 45 55 0.3 4
CRREL soil NA NA NA 4
Trampa Bay sediments 95 5 (1.2 4
Ft. Edwards clay 30 70 0.03 2

95%o Cui off.
t weight of soil subsainpk spiked.
NA-Not analyzed.

and Pb using aqueous atomic absorption stan- stirred with a stainless steel spatula. This process
dlards (Spittler and Fender 1979). Some of the soil broke uip dhe water-soaked grains, exposing a
characteristics and the subsam-plc weights treated greater surface area and starting the homogeniza-

I are shown in Table 6. These soils -.-,ere air dried tion process. Then the subsamnples were returned
and thoroughly mixed prior to subsampling. Prior to tbe oven for an additional hour of drying. After
to treatment of each soil, six subsamples were this second heat treatment, they were more care-
placed into inverted 31-mm-diameter analysis fully stirred, breaking up any clumps of soil that
cups. All analyte spikes were made by pipetting formed due to wetting. When no clurnps remained
between 0.4 and 0.025 mL of concentrated 10,000- and the soil subsamples were well mixed, the
mg/L aqueous pure element standards (AESAR! bottom of th"- analysis cup was covered with a 0,2-
Alfa, Johnson Matthey) directly onto the soil mil polypropylene X-r-Ay cell film.

LL

subsantples. An analyte spiking sequvnce was An analysis time of 120 seconds was used for
used so that none of the soil subsamples were Cu, Zn and Pb in the commercial reference mate-
treated with the same concentration twice (Table rials. Determination for the metals in the labora-

7). In all, six cups were prepared for each soil tory-prepared soils and for As in the commercial

matrix, five of which were spiked, increasing the reference materials required 300 seconds. All of
Cr, Cu, Zni, As and Pb concentration by 1000, 500, the values for Cu, Zn, As and Pb were established
250,125 or 0 Iag/g; one served as the matrix blank. relative to the SRM 2710 standard by using the
The total volume of solution added to each of the response factor/Compton K, peak normalization
SUbsaniples was less than 0.2 mL/g. This small method. Tables 8 and 9 show the measured
volume of liquid completuly wetted the exposed Compton Ko, peak intensity (counts), along wi',h
surface of the soil subsamples, with the exception the metal concentrations determined for each
of thle one that had 70%, slit and clay, sample. No values were reported for Cr because

Once treated, the uncovercd samples were no standard reference material was available wit'.
placed in an oven at 95'C for one hour. After a total certified concentration greater than the

*heating, the partially dried soil subsainples were MDL (270 1'g/g, Table 4).

Table 7. Treatment scheme for spiking soil subsamples with metals.

SubsaGpr' Cr Cs1 Zn As Pb

Si 1000 125 (0 50d( ) 25(0

S2 500 2501 10001 125
S3 2501( 125 1000) 500(
Ota 125 10)0 50.) 25(

55 500 250) 125 1000
Matrix blank si 45 (5 (0 40

1 ( 7

CRELsilNAN N
Tampa Bay sedimets 95 5 0.2 4__

- .- ____ ___ ____ ___



Table 8. Analysis of commercial reference materials based on single standard and
Compton K, peak normalization.

Metal concentrations (pg/g) Compton
Kc

Standard Cu Zn As Pb (counts)

SRM 1579a 119,950" 29.6
Powdered lead based paint [ ]UO,000 I-r

SRM 2704 99 438 23 161 118
Buffalo River sediment [31] [302] [26] [130]

SRM 2709 35 106 18 19 124
San Joaquin soil [1051 [91] ND [18]

SRM 2710 2,950 6,952 626 5,532 101
Montana soil std*' std std std

SRM 2711 114 350 105 1,162 121

Montana soil [167] [343] [138] ['.,100]

CRM 012 3015 635 120 56.4
Incinerated sludge [2,470] [342] [114]

CRM 013 643 315
Paint chips 1460]

CRM 014 1,914 193
Baghouse dust [2,080]

CRM 020 753 3021 397 5,195 ,54.1
Soil from Superfund site [687] [4,420] [429] [5,070]

CRM 021 5,086 574 28 23.7
Soil from cont. waste site [8,7201] 15491 ND

"Certified value.
t Values in brackets were established relative to the SRM 2710 after Compton peak normalization.

Certified standard used for response factors.

II

RESULTS AND DISCUSSION and sludge). The values determined for the certi-
fied reference materials (Table 8) only sho~wed twoThe results in Table 4 show that the MDLs es- determinations to be off by more than 50'/. for

taulished by empirical coefficient calibration or by samples with certified concentrations above the

manually measuring peak intensities from the esfablished MDLs (Table 4). These determinations

transformed spectra fulfill the requirement of pro- were for Cu .Doul in the 5S"M 2704 and C-'vi 021
viding detection capabilities <1000 ý.g/g for Cr, reference materials. The high Cu value for the
Cu, Zn, As and Pb. This table also shows that the CRM 021 reference material as established by the
percent relative standard deviations (%ISDs) for response factor/Compton K1x peak normalization
empirical coefficients analysis of analyte concen- method is not necessarily incorrect, since the cer-
trations around 1000 ýtg/g were <10%. Likewise tified valte is based on an acid extraction that may
the %ISDs for the response factors shown for Cu, not represent the total amount present. In general
Zn, As and Pb in Table 3 were below 10%. the values below the MDLs were also in good

The results shown in Tables 8 and 9 demon- agreement with the certified concentrations. Simi-
strate the usefulness of the single standard and larly the concentrations determincd for the spiked
Compton K(, normalization approach to estimat- soils (Table 9), after removing the background
ing Cu, Zn, As and Pb concentrations in a variety values (the mean of the 0 [1g/g standard and the
of solid particle matrices (i.e. dust, soil, paint chips blank soil matrix) when they were found to be

8
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Table 9. Concentrations (gg/g) of Cu, Zn, As ant Pb determined for spiked
soil matrices.

Metal concentrations (Itg/g) Compton
t laterial Ku
and spike Cu Zn As Pb (counls)

Ottawa sand
10(?0 ppm 1010' 1020 1420 911 167
500 pprn 534* 458 381 411 153
250 ppm 264* 224 324 182 154
125 ppm 132* 127 72 139 156

0 ppm 69 ND ND ND 149
Matrix 64 18 ND 10 150

Rocky Mountain Arsenal soil
1000 ppm 897* 1050 1450 960 125

CIL, 500 ppm 4837 459 608 470 124
250 ppm 209* 245 304 211 123
125 ppm 93* 153 105 125 125

0 ppn 76 ND 37 ND 121

Matrix 62 2 41 23 124
L Lebanon Landfill soil

1000ppm 8597 872 988 1192 122
500ppm 373* 469 536 423 119
250ppm 1950 224 305 264 119
125ppm 94* 140 78 135 119

Oppm8 99 2 ND ND 118
Matrix 70 8 ND 24 124

L BaCRREL soil
1000 ppm 787* 870 782 1030 114
500 ppm 461' 541 635 597 112
250 ppm 250* 247 :20 178 113
125 ppm 69* 152 26 132 114

0 ppm 86 48 48 ND 114
Matrix 62 59 ND 18 115

Tampa Bay sediments
1000ppm 8421 939 13506 936 144

500ppm 5132 486 560* 526 145
250ppm 250* 218 2002 219 143
125ppm 1031 159 73* 124 145

,0ppm 60 11 22N1 7 142
Matrix 71 ND 249 ND 147

Ft. Edwards clay -v,-•
1000 pprn 711* 831 906 785 99.9 •

S500 ppmn 289* 454 491 344 99.1
•250 ppm 144" 332 229 150 98.3 •

_.125 ppmn 14 2" 171 104 108 W9.7
, {0 ppin 199 81 ND 19 98.1

Matrix 218 80 ND 4 98.3

.Average of 0 ppm and matrix subsamples subtracted.

greater than the MDL, were almost -Always within morc than 400%. Thus, it appears that, at least for
50% of the expected values. This igreement be- the XRF analysis of these four metals, the majority
tween expected and determined concentrations of analyte sorption or enhancement due to the
occurred even though the normalization for ma- matrix can be accounted for by Compton KY peak
trix differences (the Compton Ka peak normaliza- noimalization.

* tion) ranged from 4.26 to 0.321, a relative change of Furthermore, since the estimated metal conceo-
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